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--------------------------------------------------------ABSTRACT----------------------------------------------------------- 

In this study, porous calcium phosphate (CaP) based bioceramics in hydroxyapatite (HA) and tricalcium 

phosphate (TCP) form was fabricated for bone graft and porous orthopedic applications. Metal ion doped CaP 

based powders in HA structure were synthesized by wet chemical methods for pH5.5 and pH8.5. All shaped 

ceramics were sintered between at1100-1300°C for 1-3 h to possess porous structure. The microstructure and 

phase formation of the porous ceramics were characterized by X-ray diffraction (XRD) device and scanning 

electron microscopy (SEM). Depending on the sintering temperature and synthesized pH, the compressive 

strength of the porous ceramics was tested by the universal test machine. In conclusion, the HA structures were 

transformed to tricalcium phosphate (TCP) phase for pH5.5 at 1100°C. The synthesized powder for pH8.5 

preserved its hydroxyapatite structure for all sintering temperatures. The highest compressive strengths of TCP 

and HA bioceramics for pH5.5 and pH8.5 were measured as 17.6 and 20.3 MPa at 1200°C and 1300°C, 

respectively. 
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I. INTRODUCTION 
Hydroxyapatite (HA) is a calcium phosphate similar to the human hard tissues in composition and 

morphology [1]. Particularly, it has a hexagonal structure [2, 3] and a stoichiometric Ca/P ratio of 1.67, which is 

identical to bone apatite [2, 4, 5]. An important property of HA is its stability when compared to other calcium 

phosphates. HA is the most stable calcium phosphate compound under physiological conditions such as pH, 

temperature, and composition of the body fluids [2]. HA often preferred because of its extraordinary properties 

such as bioactivity, biocompatibility, osteoconductivity, non-inflammatory, and non-toxicity nature [6]. HA 

bioceramics were used in bone void fillers for orthopedic, traumatology, bone tissue engineering, spine, 

orthopedic and dental implant coating, maxillofacial and dental surgery, and remineralizing agent in toothpaste. 

With the development of nanotechnology, a significant impact on materials science has been noticed. 

The fabrication of nanomaterials has gained considerable attention for catalysis, adsorption, and optical 

applications, particularly when biomaterials are involved. Nano-hydroxyapatite (nano-HA) is attracting interest 

as a biomaterial for use in prosthetic applications because of  its crystallography, the similarity in size, and 

chemical composition with human hard tissue. Teeth enamel and bone are largely composed of a form of this 

mineral [6-8].   

The literature survey presents that the risk associated with an exposition to calcium phosphate in doses 

that are usually applied in health care products, biomedicine, and cosmetics is very low. Also, it also expresses 

that under all reasonable conditions, calcium phosphate particles can be considered safe for human bodies [9-

12]. 

In this study, porous CaP based bioceramics in HA and TCP form were fabricated at the different 

sintering temperatures (TS=1100, 1200, 1300 °C). The effects of sintering temperature and synthesized pH 

values (pH5.5 and pH8.5) on the porosity, compressive strength, and microstructure of bioceramics were 

investigated. 

 

II. EXPERIMENTAL PROCEDURE 
In this study, metal ion doped CaP-based powders in hydroxyapatite (HA) structure was synthesized by 

wet chemical methods for pH5.5 and pH8.5 (abbreviated as pH5.5 and pH8.5). Then, organic pore-forming 

agent (polystyrene-PS ball) and synthesized HA powders were homogeneously mixed in polyvinyl alcohol 

added water medium. The mixed materials have been transformed into the consistency of play dough. Produced 
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pasty materials were shaped by press using a cylindrical mold under low load. Ceramic beads were dried at 50 

°C during 16 h and the samples were sintered between 1100 and 1300 °C for 1-3 h.  

 

 
Fig. 1:Fabrication scheme of porous CaP based ceramics 

 

The images of fabricated porous CaP based ceramics (TCP-pH5.5, HA-pH8.5) were shown in Fig. 2. 

As seen from the figure, the sizes of the sintered samples were decreased due to the sintering temperature. The 

microstructure and the phase formation of the porous ceramics were characterized by scanning electron 

microscopy (SEM) and X-ray diffraction (XRD) device, respectively. The compressive strength of the porous 

bioceramics was determined by the compressive test unit (GUNT WP300). By using this test machine (load 

capacity: 2 ton), the load was applied manually. 

 

 
Fig. 2: Fabricated porous CaP based bioceramics: (a) TCP-pH5.5, (b) HA-pH8.5 (TS=1300°C) 

 

III. RESULTS AND DISCUSSION 
The SEM image of CaP-based powders in hydroxyapatite (HA) structure for pH5.5 was presented in 

Fig. 3a. The image shows the uniform distribution of HA powders. The uniform distribution positively affects 

the mechanical properties of CaP based bioceramics. The average particle size of synthesized CaP-based 

powders in hydroxyapatite for pH5.5 is nearly 40 nm as shown in Fig 3b. From the results of the XRD analysis, 

it can be clearly seen that synthesized CaP based powders in hydroxyapatite form for pH5.5 transformed into 

tricalcium phosphate after heat treatment (Fig. 3c). 

 

 

 

Before                

sintering 

After                

sintering 

After                

sintering 

Before                

sintering 



Fabrication of Porous Calcium Phosphate-Based Bioceramics and Its Mechanical Properties 

DOI:10.9790/1813-0801018387                                           www.theijes.com                                            Page 85 

 
Fig. 3: SEM image of HA for pH5.5 powders (a), the particle size distribution of HA powders for pH5.5 (b), 

and X-ray diffraction plot of HA and TCP (c) 

 

Fig. 4a gives the SEM image of CaP-based powders in hydroxyapatite (HA) structure for pH8.5. From 

the SEM image, the homogeny distribution of ceramic powders was observed. The mean particle size of 

synthesized CaP based powders in hydroxyapatite form for pH8.5 was determined as nearly 70 nm as given in 

Fig. 4b. It was seen that the particle size of synthesized HA at pH8.5 is bigger than synthesized HA at pH8.5 

bioceramics. X-ray diffraction analysis test results show that CaP based powders in hydroxyapatite form for 

pH5.5 preserve its structure as HA. Also, the crystal phase of HA is seen more clearly due to the increased 

crystallinity of the powder with sintering temperature.  

 

 
Fig. 4: SEM image of HA powders at pH8.5 (a), the particle size distribution of HA powders at pH8.5 (b), and 

X-ray diffraction plots of HA and TCP after synthesized and heat treatment (c) 

(a) 
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The variation of %porosity with sintering temperature for porous CaP based bioceramics at pH5.5 and 

pH8.5 were shown in Fig. 5a. The lowest porosity (13±0.9%) value was obtained at HA for pH8.5 bioceramics 

and TS=1300 °C sintering temperature. The increase in pH and sintering temperature decreased the porosity of 

bioceramics. Similarly, the compressive test results show that the compressive strength increased with sintering 

temperature for HA at pH8.5 bioceramics (Fig. 5b). The maximum compressive strength was determined as 

20.4±0.7 MPa at TS=1300 °C for HA at pH8.5 bioceramics. In summary, increase in sintering temperature 

increases the mechanical properties of CAP-based HA bioceramics. 

 

 
Fig. 5: The variation of porosity and compressive strength with sintering temperature for porous CaP based HA 

bioceramics 

 

Fig. 6 gives the scanning electron microscope images of porous CaP based bioceramics (TCP-pH5.5, 

HA-pH8.5). Weak particle bonding and large porosity in macroscopic pores were observed at TCP for pH5.5 

bioceramics (Fig. 6a). Also, dense microstructure and small porosity in macroscopic pores were detected at HA 

for pH8.5 bioceramics (Fig. 6b). It was concluded that SEM analysis results are suitable with the compressive 

test results. 

 

 

 
Fig. 6: SEM images of porous CaP based bioceramics: (a, a1) TCP-pH5.5, (b, b1) HA-pH8.5 

 

(a) (a1) 

(b) (b1) 
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IV. CONCLUSIONS 
In this study, metal ion doped CaP based powders in hydroxyapatite (HA) structure was synthesized by 

wet chemical methods for pH5.5 and pH8.5. The effects of sintering temperature on the porosity, compressive 

strength, and microstructure of TCP for pH5.5 and HA for pH8.5 bioceramics were investigated. The 

conclusions were summarized as below.   

 After ball milling, the uniform distribution was detected at metal ion doped HA powders. This uniform 

distribution affected the mechanical properties of bioceramics positively.   

 The minimum porosity (13±0.9%) and the maximum compressive strength (20.4±0.7 MPa) was determined 

at HA for pH8.5 bioceramics and TS=1300 °C sintering temperature. 

 From SEM analysis, the denser microstructure was detected at HA for pH8.5 bioceramics. Among 

fabricated bioceramics, the high porosity was observed atTCP for pH5.5 bioceramics. It was concluded that 

an increase in sintering temperature decreased the porosity and increased the mechanical properties of HA 

bioceramics.   

 

ACKNOWLEDGEMENT 
We would like to special thanks to Nanotech Company (Eskişehir in Turkey) and Prof.Dr. AydınDoğan 

for providing of the hydroxyapatite powder. 

 

REFERENCES 
[1]. G. Wei and P.X. Ma, “Structure and properties of nano-hydroxyapatite/polymer composite scaffolds for bone tissue engineering”. 

Biomater, 25(19):4749-4757, 2004. 
[2]. S.J. Kalita, A. Bhardwaj, and H.A. Bhatt, “Nanocrystalline calcium phosphate ceramics in biomedical engineering”, Mat SciEng C-

Mater., 27(3):441-449, 2007. 

[3]. N.Y. Mostafa and P.W. Brown, “Computer simulation of stoichiometric hydroxyapatite: Structure and substitutions”, J PhysChem 
Solids., 68(3):431-437, 2007. 

[4]. S. Teixeira, M.A. Rodriguez, P. Pena, A. H. De Aza AH, S. De Aza, M.P. Ferraz, and F.J. Monteiro, “Physical characterization of 

hydroxyapatite porous scaffolds for tissue engineering”, MatSciEng C-Mater., 29(5):1510-1514, 2009. 
[5]. L. Guo, M. Huang, and X. Zhang, “Effects of sintering temperature on structure of hydroxyapatite studied with rietveld method”, J 

Mater Sci-Mater M.,14(9):817-822, 2003. 

[6]. N. Kantharia, S. Naik, S. Apte, M. Kheur, S. Kheur, and B. Kale, “Nano-hydroxyapatite and its contemporary applications”, J Dent 
Res Sci Develop.,1(1):15-19, 2014. 

[7]. B. Bulut, N. Demirkol, Z. Erkmen, E.S. Kayalı, “Comparison of microstructural and mechanical properties of hydroxyapatite-

Al2O3composites with commercial inert glass (CIG) addition”, ActaPhys Pol A., 125(4):1094-1096, 2015. 

[8]. S. Kobayashi andT. Murakoshi, “Characterization of mechanical properties and bioactivity of hydroxyapatite/β-tricalcium 

phosphate composites”, Adv Compos Mater., 23(2):163-177, 2014. 

[9]. M. Epple, “Review of potential health risks associated with nanoscopic calcium phosphate”, ActaBiomater., 77(1):1-14, 2018. 
[10]. G.L. Converse, T.L. Conrad, andR.K. Roeder,“Mechanical properties of hydroxyapatite whisker reinforced polyetherketoneketone 

composite scaffolds”, J MechBehavBiomed., 2(6):627-635, 2009. 

[11]. P. Robinson, C. Wilson, andJ. Mecholsky, “Processing and mechanical properties of hydroxyapatite–polysulfone laminated 
composites”, J EurCeramSoc.,  34(5):1387-1396, 2014. 

[12] X. Gong, C. Tang, H. Hu, X. Zhou, andX. Xie, “Improved mechanical properties of HIPS/hydroxyapatite composites by surface 

modification of hydroxyapatite via in-situ polymerization of styrene”, J Mater Sci-Mater M., 15(10):1141–1146, 2004. 

 

Mevlüt Gürbüz" Fabrication of Porous Calcium Phosphate Based Bioceramicsand Its 

Mechanical Properties" The International Journal of Engineering and Science (IJES), 8.1 (2019): 

83-87 

 

 

 

 

https://link.springer.com/journal/10856
https://link.springer.com/journal/10856
https://link.springer.com/journal/10856
https://www.sciencedirect.com/science/article/pii/S1751616109000745#!
https://www.sciencedirect.com/science/article/pii/S1751616109000745#!
https://www.sciencedirect.com/science/journal/17516161
https://www.sciencedirect.com/science/journal/17516161/2/6
https://www.sciencedirect.com/science/journal/09552219/34/5
https://link.springer.com/journal/10856
https://link.springer.com/journal/10856/15/10/page/1

